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Fig. S1 The number size distribution (a) and volume size distribution (b) derived from
TSMPS and APS.

The potential source contribution function (PSCF) analysis method has been widely
applied to study the potential source regions of pollutants (Ashbaugh et al., 1985; Wang,
et al., 2009). The PSCF values for each grid cell (0.5°*0.5°) in the selected domain
were calculated by counting the number of trajectories those terminated within each
grid cell, as follows:

mij

nij
where nj; is the number of endpoints that fall in the ij* cell, and mj; is the number of
endpoints for the same cell with pollutant concentrations higher than the set criterion
value. The PSCF values should be weighted according to njj. In this study, the weighting
function (Wj;) was defined as follows:

1.00 0%, <my
w.. = 1070 5Xxmn,; <nj;<10Xxn, @
Y 0.40 2 XM, <n; <5x7,

0.05 nijSZXn_U

where 7, is the mean njj value. In this study, a potential source analysis was conducted
for the nucleation and accumulation mode particles, which represented the air mass
influence on the NPF event and the particles from long-range transport, respectively.
The criterion values of PM2s and PM1o mass concentration were 75 pg cm= and 100
ug cm3, which was the mean value in March, April and May in 2021.

The PSCF results (Fig. S1) showed that high PM2s mass concentration at CAMS was
dominated by two sources, the northwesterly and westerly originating air mass
containing dust particles, and the southerly air mass with high mass loading of
anthropogenic aerosols. However, for PM1o mass concentration, the high values only
contributed by the air masses passing through Inner Mongolia and carrying dust
particles.
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Fig. S2. Air mass classification of back trajectories arriving at the CAMS site in
March, April and May, 2021. The color bar indicates the number concentration
weighted potential source contribution function (PSCF) value of (upper panel) PM2s
and (lower panel) PM1o mass concentration.

(a) Particle number size distribution
Blowing dust Floating dust
" . 0.025  dNidiogDp

(em™)
# 0.02 100000
€ ‘ s amnl —~
e . afi . ol i J 0.015 7, [} 10000
8 - J \ 4 ~
8 ' 0 ! 7 001 8 1000
A i . § ‘, e VIR
" ‘ : P o~ ieaa sl /) T 10.005 100
LR m oS Yo "é‘l ; "’W;\AL,»,’L" "1‘!#@11 5
y "l i WYY s {y et e/, .
}7 May 8th
(b) Volume size disttibution
. dV/diogDp
(/:mﬂcm'ﬁ)

600
£ 100
< 400
Q.
) | 50

200

0
May 7th May 8th
Date

Fig. S3 NPF event occurred following blowing dust (May 6 and 7) and floating dust
(May 8) in 2021. The particle number (a) and volume (b) size distribution are given
and CS is given by pink line.

The reactive gases (SO2, NO», and O3) were derived as the average of the values at four
air quality monitoring sites, including Guanyuan (GY), Wanshou Temple (WST),
Dongsi (DS), and Chaoyang (CY), in urban Beijing, as mentioned in the manuscript. It
showed before NPF start, around 8:00 LT, the concentration of SO> and NO> on May 7



and 8 was quite close, which did not show a clear difference between workday and
weekend. Furthermore, the CS before NPF start was also comparable on these two days,
around 0.003 s!, indicating the available condensable vapor was close.
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Fig. S4. Time series of hourly volume mixing ratio of SOz, NO», O3 and condensation
sink (CS) on May 7 and 8, 2021.

As there is no direct HoSO4 measurement data available in this work, we used two
methods to estimate sulfuric acid concentration. In the calculation of [H2SO4] in Beijing,
we chose proxy equation number 2 as Proxy 1 in this study (Eq. 1) and 7 (Eq. 2) as
Proxy 2 in this study as recommended by Lu et al. (2019), to represent the simplest and
most accurate method, respectively.

[H,S0,] = 280.05 X UVB%* x [S0,]%40 (1)
[H,S0,] = 0.0013 X UVB%13 x [S0,]%4° x €S7%17 x ([05]°** + [NO,]>*Y) (2)
And the UVB was derived by 0.008% x Glob_R, based on the previous study that the
monthly average of the ratio of UVB to global radiation (Glob_R) ranged from 0.007
to 0.017% in Beijing (Hu et al., 2013). The average ratio of January and February
(0.008%) was applied.
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Fig. S5. The sulfuric acid concentrations derived by different proxy equations. The
blue and orange lines indicate the result by N2 (Proxy 1) and N7 (Proxy 2) method by

Luetal., (2019).
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Fig. S6 The NPF event occurred after dust storm on March 15 (a) and blowing dust on March 28,
2021 (b), respectively. The pink line in panel indicates the condensation sink.
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Fig. S7 The 72 hours back trajectories arriving at CAMS station at four times a day
(00, 06, 12, 18 UTC) on May 15" 2019 (black lines) and April 1%t 2021 (blue lines)
with the terminal height of 500 m above ground level, derived by the TrajStat
software, combined with HYSPLIT 4 model
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Fig. S8 PNSD of NPF events on May 15" 2019 and April 1% 2021, the condensation
sink (CS) was given in blue line.
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Fig. S9 The wind direction and wind speed at CAMS site from March 14™ to 17,
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Fig. S10. Time series of wind variation depending on the air pressure level from

March 14 to 15, the arrows represent the wind direction and the length of the arrow
indicates the wind speed (m/s). The data are from https://cds.climate.copernicus.eu/.
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Fig. S11 The 72 hours back trajectories arriving at CAMS station at four times a day



(00, 06, 12, 18 UTC) from March 14" to 17" with the terminal height of 500 m above
ground level, derived by the TrajStat software, combined with HYSPLIT 4 model
(Hybrid Single-Particle Lagrangian Integrated Trajectory), and the NCEP Global Data
Assimilation System (GDAS) data with a 1° x 1° resolution (Draxler and Hess, 1998;
Wang et al., 2009)
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